This study investigated the association between long-term adherence to football training and retaining bone mineralization and physical capacity in men with prostate and nonparticipants (CON) were examined. Twenty-two men accepted the invitation of which 11, aged 71.3 ± 3.8 years, had continued to play self-organized football 1.7 (SD 0.5) times per week for 4½ years (±8 months). At 5 years, right femoral neck bone mineral density (BMD) had improved significantly in the FTG compared to CON (P = .028). No other significant between-group differences were observed. In 
| INTRODUCTION
Androgen deprivation therapy (ADT) is standard treatment for patients with metastatic prostate cancer (PCa) 1 . ADT is associated with side effects causing significant morbidity including loss of muscle and bone mass, functional deterioration, and increased incidence of cardiovascular and metabolic disease 2 , and the risk of bone fracture is increased by 62% 5 years after diagnosis in men with PCa undergoing ADT compared to men with PCA not undergoing ADT 3 . Exercise training has been shown to improve muscle strength and functional performance in men undergoing ADT 4, 5 , and one study 6 has shown that a combination of resistance and aerobic exercise training, initiated simultaneously with ADT, preserves appendicular lean body mass (LBM) and cardiorespiratory fitness and prevents gains in fat mass. In addition, cohort studies have suggested that | UTH eT al.
moderate, regular physical activity (PA) has a positive effect on disease progression 7 and survival 7 , underlining the importance of promoting PA and exercise training to PCa patients. While these findings are encouraging, only a minority of PCa patients meet recommended levels of PA 8 and studies reporting long-term effects of exercise interventions are scarce. Cormie et al 9 showed that benefits on LBM and functional ability from a 3-month resistance exercise trial persisted 6 months after completion of the intervention in men and women with bone metastasis from PCa or breast cancer. Bourke et al 10 found that positive effects on fatigue and aerobic exercise tolerance from a 12-week intervention were maintained 6 months postbaseline in men on ADT. However, to the best of our knowledge no studies have reported year-long follow-up data from exercise trials with PCa patients and only a few studies have done so in other cancer populations 11, 12 . The original FC Prostate study 13 was a randomized controlled phase II trial in which men undergoing ADT for PCa were randomly assigned to either a football training group (FTG, n = 29) or a control group (CON, n = 28). FTG were offered football training 2-3 times per week for 12 weeks and two times per week for an additional 20 weeks. Positive effects of the intervention were seen on differences in change scores for the primary study outcome LBM (0.7 kg, 95% CI 0.1-1.2 kg) and muscle strength after the 12-week intervention and for BMD of the proximal femur, stair climbing ability, and jump height after the 32-week intervention 5, 14 . After the final assessments in the RCT, a group of participants formed their own team and continued self-organized football training in a community-based local football club. The aim of this study was to evaluate changes from the original baseline to 5-year follow-up and examine whether long-term participation in football training is associated with changes in BMD, VO 2 -max, body composition, muscle strength, sit-to-stand performance, postural balance, and blood lipid profile. In addition, we aimed to assess the activity profile during training after 5 years.
Please click on this video link to hear more about the study.
| METHODS

| Study design and population
The FC Prostate Phase II RCT was conducted in 2012 and 2013 13 . After the original RCT was completed, participants from both the intervention and control group were invited to practice football with support from the research team in terms of access to a football pitch and footballs. After 6 months, support was withdrawn, and the participants became self-organized and performed unsupervised football training. In the 5-year follow-up period, 11 participants died, and the remaining 30 men were invited to participate in 5-year follow-up assessments. Men participating in football at 5 years are referred to as the Football Training Group (FTG) and men not participating in football training at 5 years are referred to as the Control Group (CON). The flow of the participants assessed after 5 years is illustrated in the flowchart (Figure 1 ).
| Study assessments and timing
The follow-up assessments took place between 4.25 years and 5.25 years after the initial baseline assessments depending on when participants were originally included on the trial. Participants were told to abstain from medication, caffeine, vitamins, and tobacco use for 12 hours prior to assessments and to avoid intense physical activity 48 hours prior to all examinations. To assess the activity profile of the selforganized training, three sessions were monitored in May and June 2017 as described subsequently.
| Medical history and status
Information about cancer stage and medical treatment were obtained from patients' medical records in June 2017.
| Self-reported physical activity levels, injuries, and training frequency
Leisure-time physical activity levels were examined using a questionnaire classifying patients in the following groups: I) sedentary; II) walking or cycling for pleasure; III) regular physical exercise at least 3 hours per week; or IV) intense physical activity more than 4 hours per week. Additionally, participants in both groups were asked via email to provide information about training-related injuries in the follow-up period and training frequency in the 4 months before the 5-year follow-up assessments and during the whole follow-up period.
| Activity profile
Movement patterns during three selected training sessions were measured using portable global positioning system (GPS) units (Catapult Sport OptimEye S5, Melbourne, Australia) with a sampling rate of 10 Hz. The data was analyzed using Catapult Sprint software 5.1.7 for team sports (Melbourne, Australia). Total distance was measured, as well as distance covered for six categories of activity as described previously. The 30-second sit-to-stand test was performed as previously described 13, 16 .
F I G U R E 1
The flow of patients from baseline to the 5-y follow-up. Only patients reassessed after 5 y are shown in the figure. In the original randomized phase II study (Uth et al 2013) , a total of 57 patients were randomized in a one-to-one manner to either a football group or a control group | UTH eT al.
| Flamingo balance test
Postural balance was assessed by a single-leg balance test. Participants were instructed to stand on one foot with their eyes open (dominant leg) on a 3 cm wide by 5 cm high plastic bar for 1 minute. Every time the participants lost their balance and had to step down from the bar, the timer was stopped immediately and then started again when balance was recovered. The number of falls before completing 1 minute in balance was counted and used as a measure of postural balance 13 . After complaints of discomfort from standing on the bar, the duration of the test was reduced to 30 seconds and the number of falls in those cases multiplied by 2.
| Maximal oxygen uptake
Two hours after eating breakfast participants performed an incremental test to exhaustion on a cycle ergometer. The test started with 4 minutes cycling at 50 W, with a self-chosen cadence in the range of 70-90 rpm, after which the load was increased by 15 W each minute until volitional exhaustion. Oxygen uptake, respiratory exchange ratio (RER), and ventilation were determined by pulmonary gas exchange measurements (MasterScreen CPX, Viasys Healthcare, St Paul, Minnesota, USA). The physiological criteria for approval of the maximal oxygen uptake (VO 2 max) test were RER ≥ 1.05 and leveling off on the VO 2 curve with an increase of <1 mL O 2 /min/kg with an increase in work load of 15 W 17 . Heart rate was determined each minute and at the end of the test by a Polar chest belt (Polar Oy, Kempele, Finland). VO 2 max was defined as the highest oxygen uptake obtained over a 30-second period.
| Muscle strength
Knee-extensor muscle strength was assessed with the one repetition maximum (1RM) test using a resistance exercise machine (Technogym, Italy). The test load started at 10 or 15 kg and resistance was increased gradually until failure. The rest period between each attempt was 30 seconds. The maximum weight lifted through a full range of motion was recorded as 1RM 18 .
| Blinding
DXA scans were performed and analyzed by personnel aware of whether subjects were training in the football group or not, whereas assessors of physical function parameters were blinded to training status.
| Ethics approval
The study was approved by the Committee on Research Ethics for the Capital Region of Denmark with registration number H-17004921. Written informed consent was obtained from all participants before any study procedures were performed.
| Statistical analyses
All statistical analysis was performed using the IBM SPSS statistics version 24 (IBM Corporation, New York, USA). For Table 1 the Student's t test for independent samples was used for the demographic profile and cancer stage grouping. Likelihood ratio was used to test for differences in ADT use and Fisher's exact test was used to test for differences in self-reported leisure-time physical activity levels. Student's t test for independent samples was used to compare change score (5-year follow-up minus baseline values) between FTG and CON. Change scores were calculated only on data from participants assessed at both baseline and at 5 years. Within-group changes were analyzed using paired t tests.
Outcomes are reported as mean ± standard deviation (SD) and change scores with corresponding 95% confidence intervals (CI). An alpha level of 0.05 was used for statistical significance.
| RESULTS
| Participants
Twenty-two men accepted the invitation to participate in 5-year follow-up assessments. FTG (n = 11) consisted of three men from the original control group and eight from the original football training group. The control group consisted of four from the original control group and seven from the original football training group (Figure 1 ). At 5-year follow-up, the groups were balanced on socioeconomic-, physiologic-, and treatment-related outcomes (Table 1) . Seven patients have been on endocrine therapy throughout the study period and an additional two patients have restarted endocrine therapy following biochemical recurrence (Table 1) . One CON participant did not undergo the DXA scan at follow-up because of a wish not to be exposed to radiation from the DXA scan. Some participants did not undergo the sit-to-stand test (n = 4), Flamingo balance test (n = 4), VO 2 max test (n = 4), and 1RM test (n = 6) at 5-year follow-up due to musculo-skeletal limitations or not feeling fit for test in general.
| Attendance to training and injuries
Nine men in FTG and seven men in CON provided information on attendance to training and training-related injuries. During the whole follow-up period, attendance to football training was 1.7 (SD 0.5) times per week and 1.8 times (SD 0.5) per week in the 4 months prior to the 5-year follow-up assessments. In addition to football training, one participant from FTG performed gymnastics once per week and one participant performed fitness training, that is, aerobic and resistance training, twice weekly. In CON, participants reported 2.1 (SD 0.5) weekly sessions of various exercise training during the whole follow-up period and 2.2 (SD 1.4) weekly training sessions in the 4 months prior to 5-year follow-up assessments. Four men in CON reported that resistance exercise was part of their training routine. Type and intensity of the resistance training were not reported. Other activities included aerobic fitness training and yoga. In FTG, two participants did not perform football training for 8 weeks and 5 months, respectively, prior to the 5-year follow-up test due to injuries related to football training. No participants in CON reported any injuries related to exercise training. (Figure 2) , with a total of 51.1 % (SD 25.4) of the training time with heart rates above 80% HRmax.
| Bone mineral density
At 5-year follow-up, right femoral neck BMD was improved in FTG by 2.8%, while right femoral neck BMD decreased in CON by 2.0% ( Figure 3 ). This resulted in a significant between-group difference in change scores in right femoral neck of 0.045 g/cm 2 (95% CI: 0.005 to 0.085, P = .028), Table 2 . Similar between-group differences in BMD changes were observed for femoral shaft right (4.5%), total hip right (3.7%), and L2-L4 (5.1%), however, only with borderline statistical significance (P = .053 to P = .134), Figure 3 .
3.5 | Blood pressure, plasma cholesterol, postural balance, body composition, VO 2 max, muscle strength, chair stand performance, and resting heart rate Systolic and diastolic blood pressure and LDL, HDL, and total cholesterol were unchanged from baseline in both groups at 5-year follow-up, Table 4 . Participants in both groups had T A B L E 2 (Continued) similar increases in number of falls in the Flamingo balance test as shown in Table 3 . VO 2 max, LBM, and muscle strength had decreased similarly in both groups at 5-year follow-up, Tables 2 and 3 . Sit-to-stand performance was unchanged in FTG at 5 years while a significant decrease was observed in CON (P = .002). The between-group difference of 1.263 repetitions (95% CI −2.738 to 5.263, P = .513) was not significant, Table 3 .
Resting heart rate was unchanged from baseline in CON at 5 years while a significant decrease (P = .009) was observed in FTG. The between-group difference of −3.5 bpm was not significant (95% CI: −7.357 to 0.351, P = .072), Table 4 .
| DISCUSSION
This study aimed to describe the association between participation in long-term self-organized football training and changes in bone mineral density, lean body mass, fat mass, resting heart rate, blood pressure, markers of blood lipids, sitto-stand performance, postural balance, maximal oxygen uptake, and muscle strength in men treated with ADT for PCa. The most important finding was that participants in FTG had significantly higher change score for right femoral neck BMD than participants in CON with differences between groups of almost 5 percentage points. Right femur shaft, right total hip, and L2-L4 BMD exhibited similar differences between the two groups although not reaching statistical significance potentially due to the small sample. Moreover, participants, regardless of participation in football training or not, showed impairment of VO 2 max (11 and 18%), LBM (4.0 and 1.8%), muscle strength (24.7 and 29.2%), and sit-to-stand performance (18.8 and 14.8%) while body fat mass percentage increased (7.4 and 5.9%) (Tables 2 and 3) .
The observed absence of deterioration in BMD in FTG is remarkable considering the decreases in BMD usually observed with aging and particularly in men exposed to ADT for PCa where an initial loss of 2.5 % in hip BMD over T A B L E 3 Cardiorespiratory fitness, muscle strength, sit-to-stand, and flamingo balance test, and between-group difference in mean changes over 5 y 12 months has been reported 19, 20 . In the original FC Prostate RCT we observed decreases in proximal femur BMD between 0.7% and 1.3% over 32 weeks in the control group. In the current study, we observed reductions of BMD for controls of 1.5% to 3.2% at 5 years after baseline assessments. This confirms previous reports that the initial loss of BMD associated with ADT 21 is a persistent and long-term problem for patients and caregivers as PCa and low BMD is associated with higher rates of bone fractures 3, 19 . The positive association between BMD and long-term adherence to football training in the current study is supported by the results of the FC Prostate Phase II RCT where, after 32 weeks of football training, the BMD of the proximal femur was increased by 0.5% to 1.0% 14 . The benefits of football training on bone tissue have also been documented in healthy elderly men where BMD of the proximal femur increased by 1.0% and 2.4%, respectively, after 4 and 12 months football training 22 . This suggests that football constitutes an extraordinary osteogenic stimulus as supported from the findings in a recent cross-sectional study by Hagman et al 23 where leg BMD in male veteran football players was comparable or superior to those of 25-year-old untrained men. In the current trial, we analyzed changes from the original baseline (week 0) in The FC Prostate RCT to 5 years postbaseline. In a secondary analysis, we examined whether changes in BMD would differ if we used data from the 32-week point to 5 years postbaseline. We found that changes in femoral neck BMD were still significantly different between groups (P = .028) and that BMD for L2-L4 was also significantly different between groups favoring those participating in football training with a between-group difference in changes of 0.09 g/cm 2 (95% CI: 0.008 to 0.1737, P = .032). This may indicate that an effect from the 32-week intervention was maintained over time.
The absence of a positive association between long-term adherence to football training vs no football on body composition and physical capacity including sit-to-stand performance, muscle strength, and VO 2 max is not surprising in view of the relatively low intensity observed at 5 years compared to T A B L E 4 Blood pressure (BP), resting heart rate, and plasma cholesterol (LDL, HDL, and total), and between-group difference in mean changes over 5 y 25 , and the long duration of the bone remodeling process explains the positive bone adaptations in FTG in the current long-term follow-up study. The low locomotor speeds observed during training sessions in six participants may argue against this viewpoint. However, over the entire follow-up period participants performed an estimated 350 to 450 training sessions and the very high number may compensate for the relatively low intensity. Further, the alternative to the relatively low-impact movements observed during training after 5 years could likely be a lifestyle with fewer stimuli to bone tissue. Due to limited time, only three sessions were monitored and only a subgroup of the participants was present at these sessions. Therefore, we do not know whether the observed locomotor speeds are representative for the self-organized football training in general.
Although no between-group difference in RHR was observed (P = .07), the significant (P = .009) decrease of 4.3 bpm (6.9%) in FTG may not be trivial as risk of all-cause mortality in a recent meta-analysis was shown to increase significantly with increasing resting heart rate in a linear relation 26 .
The major strength of the current study is a long follow-up period compared to other exercise intervention studies in clinical populations. Further, the DXA scanner used in the present trial was the same as in the original FC Prostate RCT and the equipment for maximal oxygen uptake testing was of the same model as used previously.
There are important limitations to this study. The sample was small, and due to low statistical power, there is a risk of type II error. Further, the high number of comparisons increases the chance that the observed statistically significant difference in changes over 5 years in right femoral BMD is coincidental. Additionally, the men, particularly in FTG, may be a highly self-selected group that do not compare to PCa patients in general. Furthermore, the interviews regarding participation in football and other types of exercise training in both groups were performed almost 1 year after the 5-year assessments which may likely have resulted in recall bias whereby participants may have over-or underestimated the actual extent of their exercise routines. While the positive findings on BMD of the femoral neck in FTG are encouraging the coefficient of variation for BMD assessment by DXA scan is 1.0% according to the manufacturer. Therefore, the changes observed in this study should be interpreted with caution. Moreover, content and intensity of the training is unaccounted for apart from the three monitored sessions reported in this study. The decreases in muscle strength are in line with observed reductions in LBM. Noteworthy is that the 1RM test for knee extension was performed with a different model of resistance exercise machine at 5-year follow-up. Therefore, the observed decreases in muscle strength in both groups should be interpreted with some caution.
In summary, this trial showed that long-term adherence to self-organized, unsupervised football training in men managed with ADT for PCa is associated with preserved femoral neck BMD while no associations were seen on body composition, fitness, and physical functioning.
| PERSPECTIVES
Osteoporosis and bone fractures associated with aging and ADT is a challenge, and the observed association between long-term adherence to unsupervised recreational football training and BMD may therefore be of clinical importance for men with advanced stage PCa. In addition, the long-term adherence to training also suggests that participation in football for this group of men was associated with aspects related to quality of life such as meaningfulness, joy, and peersupport as previously described in the FC Prostate Phase II RCT 27 . Importantly, long-term participation in unsupervised football training did not prevent impaired fitness and body composition. This points toward a need for continuous supervision of training to maintain sufficient intensity and training volume to positively affect those outcomes. Still, the findings on BMD in this trial support the existing evidence suggesting that football is an effective way of reversing important ADT side effects in men with PCa 5 . However, more data on the safety and feasibility of football for PCa patients in a pragmatic setting are needed. Indeed, a large (n > 200), multicenter RCT is currently ongoing and is expected to further | UTH eT al.
clarify the potential of football training as a meaningful adjuvant to PCa treatment in collaboration between clinicians and community-based football clubs 28 .
